INTRODUCTION
============

Adolescent idiopathic scoliosis (AIS) is scoliosis in patients between 10 and 18 years of age which has originated from an unknown cause. Shoulder asymmetry, waistline asymmetry, body shift and rib prominence are prominent in AIS and these factors created patients dissatisfaction their body appearance and emotional stress. Mostly AIS is managed conservatively including brace utilization, and patient requiring surgical treatment is uncommon in Korea. A Surgical approach for AIS is unfamiliar for Korean neurosurgeons but surgical trials for deformity, including AIS, are mounting.

The surgical reduction method of AIS is recommended anteriorly or posteriorly such as via the direct vertebral derotation (DVD) and simple rod rotation (SRR) techniques. Direct vertebral derotation might acquire curve correction as well as vertebral body rotation but it is also technically demanding. SRR can correct the curve in a coronal view but it is a limited option to correct for vertebral body rotation.

The aims of this study are to introduce the surgical experiences and to evaluate the effectiveness of SRR to correct for curve and rotate of the vertebral bodies in AIS.

MATERIALS AND METHODS
=====================

From 2010 to 2014, a total of 9 patients (1 male and 8 females) with AIS were treated surgically by a neurosurgeon of our hospital and were enrolled in this study. These patients, who completed our postoperative evaluations with tools including X-rays, CTs and clinical SRS-22 outcomes scoring, were selected for the study. The mean age was 16.2 years (range of 13--24) at first visit our hospital and 16.4 years (range of 13--25) at surgery. Two patients (Case 5 and 8) had been diagnosed AIS in other hospital previously and visited our hospital after several years and undergone surgery. This might make misunderstanding in AIS diagnosis. The majority of patients (40%) had visited clinics because of suggestions from their parents or friends. The mean period from first visit to surgery was 5.6 months (range of 1--12). Surgery was done by manner of simple rod rotation on the concave side and *in situ* coronal bending.

The Coronal Cobb\'s angles were measured on plain standing radiographs before and after surgery. The vertebral rotation angles were also measured on the apical vertebra on axial images of computed tomography (CT) before and after surgery. A questionnaire of the scoliosis research score (SRS-22) was surveyed preoperatively and postoperatively. Thoracic or thoracolumbar kyphosis, and bone maturation using a Risser grade were also checked.

Vertebral body rotation is measured in the axial plane of computed tomography (CT)[@B6]. Vertebral rotation is an angle formed by two lines; one line joins the junction of the inner surfaces of two laminae and the midpoint of the posterior surface of the vertebral body, and the second line is the vertical plane of the computed tomographic image. In this study, the vertebral rotation angles of the patients were measured before and after surgery ([Fig. 1](#F1){ref-type="fig"}). The correction rate of the rotation angles was calculated as the percentage between correction amount and preoperative angle. Operation time and blood loss were confirmed. All surgeries were conducted via monitoring of the electrophysiologic status, intraoperatively.

Statistical analysis was performed using the paired t-test, and a *p*\<0.05 was considered statistically significant. R 3.0 was used for the statistical analysis.

Surgical technique (coronal bending and rod rotation)[@B15]
-----------------------------------------------------------

The patient was prone positioned. The segmental and multi-level pedicle screws were inserted on both the concave and the convex sides of the vertebrae. We preferred to use polyaxial screws. A titanium alloy rod contoured to the normal sagittal contour of the instrumented segment was set in the concave side.

Following rod insertion, the caps were inserted loosely over the screws. Using rod holders, the correction rod was rotated 90° to transform the scoliosis into a kyphosis at the thoracic spine and a lordosis at the lumbar spine, restoring the sagittal profile in the corrected position. Correction of the deformity is performed solely by SRR with further additional compression or distraction. Straightening of the contoured rod occurs during the process of SRR. When a rod straightens, we remove it rebend it to an over bent shape, and then reinsert it. This is done until the desired sagittal curve is obtained. Two rods were finally fixed and the final adjustment was made via a portable X-ray with additional *in situ* bending and compression and distraction. As the rod is just supportive at the convex side in the thoracic and the concave side in the lumbar, the rod is bent conforming to the shape of the corrected curve and placed *in situ* without forceful manipulation. All patients were recommended to have active ambulation without a brace postoperatively on day 1. Standing posteroanteriorly, lateral radiographs were taken 1, 3, 6, and 12 months after surgery and a CT was checked to review proper screw position and the degree of rod rotation at 1 month postoperative periods.

RESULTS
=======

Demographics
------------

Demographic characteristics of all patients are summarized in [Table 1](#T1){ref-type="table"}.

The Lenke classifications of the patients were 1 of 1B, 2 of 1C, 1 of 2A, 1 of 2C, 3 of 5C and 1 of 6C. The proximal end vertebra was ranged from T4 to T9 and the distal end vertebra was ranged from T11 to L3. The mean follow up period was 25.7±17.5 (range of 5--52) months. The mean number of screw positioning levels was nine (range of 6--12). The mean operation time was 249.4 mins and the mean amount of blood loss was 777.8 mL. There were no complication perioperatively. Intraoperative electrophysiologic monitoring did not show any change during the operation. The mean Risser grade was 3.7±0.9.

Cobb\'s angle and rotational angle
----------------------------------

The mean coronal Cobb\'s angle of the major curve was 53.7° before operation and 15.4° at the last follow-up after surgery, respectively. After surgery, the curve of spine had improved significantly (*p*=0.00) ([Table 2](#T2){ref-type="table"}). The preoperative and postoperative coronal Cobb\'s angles were 16.8±9.8° and 9.1±5.3° in the proximal thoracic, 28.1±12.2° and 8.7±4.8° in the main thoracic, and 26.1±21.9° and 9.2±4.5° in the thoracolumbar, respectively. The preoperative and postoperative sagittal Cobb\'s angle were 11.7±6.4° and 10.8±5.5° in T2--5, 12.3±9.7° and 14.3±7.3° in T5--10, 12.1±18.3° and 8.7±9.9° in T10-L2, respectively. The rotational angles were 25.8±8.5° before operation and 9.3±6.7° at the last follow-up after surgery, respectively (*p*=0.00) ([Table 2](#T2){ref-type="table"}, [Fig. 1](#F1){ref-type="fig"}). The postoperative vertebral rotational angle also significantly differed compared preoperatively (*p*=0.00). The correction rate of the rotation was 64.5%.

Clinical outcome
----------------

SRS-22 was different before and after surgery, from 71.9±3.4 preoperatively to 90.3±4.7 postoperatively (*p*=0.00). The domain of the self-image was 14.1±1.5 before surgery, and 19.2±1.4 after surgery. There were no complications related with any operation.

DISCUSSION
==========

AIS is the most common subtype of scoliosis and involves a complex three dimensional deformity in the coronal, sagittal and axial planes. In the coronal plane, the alignment of the vertebral bodies is laterally deviated. In the sagittal plane, a normal thoracic kyphosis can change to hyperkyphosis, hypokyphosis or lordosis. In the axial plane, vertebral bodies are rotated and chief of all, the apical vertebral is most rotated. Deformities in any one plane does not develop in isolation and seems to be coupled to the curvature, rotation, and translation in the other planes[@B7][@B8].

Historically, Harrington instrumentation to distract along the concavity of the curve for correction of the deformity was introduced. However, this technique resulted in iatrogenic flat-back or disappearance of the thoracic kyphosis, and only the coronal curve was regarded in this technique[@B9]. A variety of segmental corrections for AIS has been introduced, such as hook instrumentation, wiring and hooks, and pedicle screws instrumentation for segmental rotation. Now, the pedicle screw instrumentation technique is generally accepted as the chosen method for curve correction[@B3][@B14][@B16]. SRR is known to impose a three dimensional deformity correction in AIS[@B1][@B3][@B10][@B11][@B12][@B16]. SRR is generally accepted these days for the curve correction method of AIS. However, the effect for rotation correction is controversial. Some reports shows that SRR can correct coronally and sagittally but cannot suffice rotationally[@B9][@B10]. Other reports suggested about 20% to 40% maximum rotational correction[@B4][@B12].

DVD is based on pedicle screw instrumentation. It enables vertebral body rotation with screw rotation which is inserted into the vertebral body. Lee et al.[@B9] reported that rotation correction was about 42.5% and coronal curve correction was about 80% after DVD. Thoracic kyphosis had also improved after surgery. Some researchers reported DVD showed better rotational and coronal correction than SRR. However, they also reported there are no differences in correction of clinical thoracic hump or patients\' assessment between the two groups[@B9][@B17]. More correction of axial rotation does not mean better correction of one\'s body image. Even though DVD can lead to more correction of the rotational angle than SRR, body image including the thoracic hump or a patient\'s satisfaction after surgery does not differ significantly. Pushing down of the thoracic hump to correct sufficiently for the rotation angle or for thoracoplasty during DVD might be demanding of the to surgeon and patients. SRR is technically relatively easy compared to DVD and might serve as an option to correct for AIS.

In our study, we introduce screws into the vertebral body through pedicles and rotate the rod fixed in the screws. All patients have shown good curve correction in the coronal and sagittal planes after surgery. Axial rotation correction was also corrected well at about 50%. Previously reported rod derotation studies were conducted by the hooks or wire technique. Hooks or wires can not deliver the torque to the vertebral body efficiently so the rate of rotation correction might be relatively low and inconsistent.

Vertebral rotation in the axial plane might contribute to the thoracic hump, which is a major concern because this creates a distorted body image. The thoracic hump is frequently considered the second highest cause for surgical deformity correction, and is considered an important outcome factor after surgery[@B13]. However, the correlation between radiographic rotation correction and thoracic hump correction yields a lack of consensus. Some researchers suggest a strong correlation between the apical vertebral rotation preoperatively in the CT and the clinical thoracic hump[@B2]. Others insist there is no correlation between apical vertebral rotation and trunk rotation on a CT. Also, the most rotated vertebra is not necessarily related to the peak of rib deformity[@B5]. In our study, the mean major Cobb\'s angle before surgery was 53.7°, which included a relatively moderate deformity thus not requiring a thoracoplasty to correct for the hump. All patients answered questionnaires of SRS-22 and the scores were significantly different before and after surgery, especially in questionnaires about self-image.

This study has some limitations. One of the limitations is small number of patients who operated on via the SRR method. In the future, further data should be collected by additional surgeries for AIS. Second, the follow up period was relatively short and all of the patients did not undergo CTs. However, this report is characterized as a preliminary study that focuses on the surgical technique of a domestic Korean neurosurgeon. In the future, more attempts about scoliosis surgery will guarantee expanding the horizon in Korean neurosurgeons.

CONCLUSION
==========

Deformity surgery is challenging to neurosurgeons and it might demand intense labor of surgeon. We suggest that simple rod rotation with pedicle screw instrumentation could correct successfully for axial rotation without complication. This is more convenient than direct vertebral rotation. Simple rod rotation might serve as a good option to correct the deformed curve of AIS.

![Plain radiographs and CT images of a 16-year-old girl demonstrate the scoliotic curvature of the spine. A and C : Lenke classification is 1C. Coronal Cobb\'s angle between T4 of the proximal end of the vertebra and T12 of distal end of the vertebra were at 53 degrees. B and D : Scoliotic curvature had been corrected after surgery. E and F : Preoperative axial CT image demonstrated about a 20 degrees rotation angle, preoperatively. The rotation angle was corrected at about 10 degrees after surgery. The correction rate was about 50%.](jkns-58-534-g001){#F1}

###### Case summary
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^\*^The time of diagnosis and surgery were different in Case 5 and 8, so it might make misunderstanding in diagnosis. Pre/Post OP : preoperative/postoperative, CVA : coronal vertebral alignment, SVA : sagittal vertebral alignment

###### Summary of patients\' clinical, radiologic and functional outcome
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